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Description 

INPUT/OUTPUT CIRCUITS WITH 
PROGRAMMABLE OPTION AND RELATED 

METHOD 

Background of Invention 
[0001] i. Field of the Invention 

[0002] The present invention relates to a chip (e.g. 10 circuit) 

with programmable function and method of implementing 
the same, and more particularly, to a chip capable of real- 
izing different I/O functions by only altering the layouts of 
a metal connection layer and method of implementing the 
same. 

[0003] 2. Description of the Prior Art 

[0004] Various electronic circuits formed in semiconductor chips 
have become a foundation of the information technology 
industry. Consequently, to reduce the cost and time of 
designing and manufacturing semiconductor chips has 
become a key target for the semiconductor manufactur- 



ers. 

[0005] The manufacturing procedures of semiconductor chips are 
as follows. First, the circuit layouts are designed according 
to different functional requirements, and corresponding 
masks are defined according to the design of the circuit 
layouts. Then, different semiconductor layers are consec- 
utively formed on the wafer by respectively using different 
masks so as to define different layout layers (such as 
doped regions, polysilicon layers, oxide layers, or differ- 
ent metal layers). These layout layers form various circuits 
so as to implement different circuit functions of each cir- 
cuit in the chip. 

[0006] if the chip fails to achieve expected performance, the cir- 
cuit layouts must be redesigned to improve the circuit 
function. With the adjustment of the circuit layouts, how- 
ever, the layout design of the masks must be changed 
correspondingly. The modification of the masks undoubt- 
edly increases the cost and time of manufacturing and de- 
signing chips. In other words, if fewer masks are re- 
designed for implementing different circuit functions, the 
cost and time of manufacturing the chips are dramatically 
reduced. 

[0007] please refer to Fig.l, which is a schematic diagram of a 



conventional layout design of a chip. Generally, chips in- 
clude kernel (core) circuits and peripheral interface cir- 
cuits, where a kernel circuit is responsible for executing 
main functions, such as logical operations, and the pe- 
ripheral interface circuits include different I/O circuits for 
outputting the operation results of the kernel circuit, or 
for receiving input signals and converting the input sig- 
nals into signals suitable for the kernel circuit. As shown 
in Fig.l, a chip 10 includes a kernel circuit 12, and a plu- 
rality of I/O circuits 14A to 14C which function as inter- 
face circuits. 

[0008] Generally speaking, different chips require different I/O 
functions. In most cases, even a single chip requires dif- 
ferent I/O pins for implementing different I/O functions. 
For example, the Schmidt trigger function (noise-proof 
function) is a basic requirement for some certain kinds of 
chips. In addition, some chips can only tolerate I/O sig- 
nals with a certain power, driving current, or response 
speed (such as slew rate). Accordingly, the I/O circuits of 
these kinds chips have to be particularly designed. For 
example, the I/O circuit with a high driving current can be 
realized by designing a larger doped region (doped well). 

[0009] | n order to design and realize various kinds of I/O func- 



tions, a database, in which different layout designs for 
various sub-circuit cells are recorded, is typically adopted 
to support different I/O functions where necessary. When 
a user (layout designer) has to realize a circuit with a cer- 
tain I/O function, a sub-circuit cell layout, which fulfills 
the requirement of the certain I/O function, can be ob- 
tained by accessing the database. Therefore, the layout 
designer can easily realize the layout of the chip by apply- 
ing the like layout design. Fig.l illustrates a case of apply- 
ing a database 16. The database 16 includes different lay- 
out designs of various sub-circuit cells 18A to 18C (here 
18A to 18C are only explanatory examples, a typical 
database may have more than three hundred layout de- 
signs), and each sub-circuit cell 18A to 18C has a differ- 
ent layout design and transistor arrangement so as to 
support different I/O functions. For example, the transis- 
tors of the sub-circuit cell 18B may have a larger doped 
region and a broader channel so as to provide a larger 
driving current than the sub-circuit cell 18A. The sub- 
circuit cell 18C supports the Schmidt trigger function with 
its complex transistor arrangement. In addition, each sub- 
circuit cell 18A to 18C has a transmission terminal 19A to 
19C for respectively connecting to the kernel circuit 12. 



[0010] Assuming that the I/O functions that the I/O circuits 14A 
to 14C require can be respectively implemented by the 
sub-circuit cells 18A to 18C, the layout designer just 
needs to respectively apply the layout designs of the sub- 
circuit cells 18A to 18C to the I/O circuits 14A to 14C, and 
couple the kernel circuit 12 with the transmission termi- 
nals 19A to 19C of each sub-circuit cell 18A to 18C re- 
spectively by connection layouts. Accordingly, in this way 
the kernel circuit 12 and the I/O circuits 14A to 14C are 
configured. 

[0011] However, conventional circuit design is not perfect, and 
one of the disadvantages is that numerous masks have to 
be redesigned. For example, if the layout designer finds 
the I/O circuit 14B has unexpected noise, and attempts to 
replace the I/O circuit 14B with other noise-proof I/O cir- 
cuits, the layout designer can retrieve other suitable lay- 
out designs in the database 16. Nevertheless, the problem 
is that once the layout design of the I/O circuit is 
changed, the layouts of related masks have to be corre- 
spondingly changed. Consequently, the time and cost of 
manufacturing and designing the chips cannot be re- 
duced. 

[0012] please refer to Fig. 2, which is a schematic diagram of an- 



other conventional layout design of a chip. Likewise, vari- 
ous layout designs contained in a database 26 are used 
for implementing I/O circuits 24A to 24C in a chip 20. 
What differs from the previous example is that each sub- 
circuit cell of the database 26 has a limited programmable 
ability. This means each sub-circuit cell can perform dif- 
ferent I/O functions. For example, the sub-circuit cell 28A 
can be selected to provide two different I/O functions. In 
addition to a transmission terminal 29A, the sub-circuit 
cell 28A further includes a control terminal 27A for re- 
ceiving a programming signal. If the control terminal 27A 
receives a programming signal consistent with a first pre- 
determined value (for example, the voltage of the pro- 
gramming signal is kept at a first constant), the sub- 
circuit cell 28A will provide the first I/O function (such as 
providing a smaller driving current). On the other hand, if 
the control terminal 27A receives a programming signal 
consistent with a second predetermined value, the sub- 
circuit cell 28A will provide the second I/O function (such 
as providing a larger driving current). Similarly, the sub- 
circuit cell 28B can provide another limited programmable 
ability by adopting another transistor arrangement. In ad- 
dition to a transmission terminal 29B, the sub-circuit cell 



28B further includes two control terminals 27B and 27C 
for selecting the required I/O function. Normally, the con- 
trol terminal enables or disables some circuits of a sub- 
circuit cell so that the sub-circuit cell can selectively pro- 
vide more than one I/O function. 
[0013] when different I/O functions need to be realized in the 
chip 20, the layout designer has to apply available layout 
designs in the database 26, and design proper control 
terminals for programming the required I/O function to 
each sub-circuit cell. For example, assuming that the I/O 
circuits 24A and 24B require different I/O functions, and 
these two I/O functions happen to be two I/O functions 
that the sub-circuit cell 28A supports, the layout designer 
can easily realize these two I/O functions by applying the 
layout design of the sub-circuit cell 28A. Certainly, in ad- 
dition to the connection layouts between the kernel circuit 
22 and the I/O circuits 24A and 24B, the layout designer 
has to further arrange two connection layouts 23A and 
23B of the control terminals so that the I/O circuits 24A 
and 24B can respectively receive different control signals. 
Normally, the control terminal can receive the control sig- 
nal coming from the kernel circuit, or alternatively the 
control terminal can be connected to a DC bias voltage 



(such as V or V ). 
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[0014] However, if other I/O circuits require different I/O func- 
tions that the sub-circuit cell 28A does not support, the 
layout designer still has to select other available sub- 
circuit cells capable of supporting the required I/O func- 
tions. 

[0015] Although the conventional layout design shown in Fig. 2 
can realize different I/O functions with the same sub- 
circuit cell, this layout design still has the same disadvan- 
tage. Assuming that an I/O circuit is beyond the expected 
performance, the layout designer has to choose other 
sub-circuit cells in the database 26. Since each sub-circuit 
cell has different transistor arrangements, related masks 
have to be redesigned if different sub-circuit cells are se- 
lected. If the required I/O function happens to be the 
other I/O function that the same sub-circuit cell supports, 
only the connection layout of the control terminal has to 
be redesigned. Regardless, the control terminal of each 
sub-circuit cell unavoidably occupies the circuit layout 

area, and this makes the circuit layout more complicated. 
Summary of Invention 

[0016] it j S therefore a primary objective of the present invention 
to provide a chip with programmable I/O circuits and re- 



lated method for solving the aforementioned problems. 

[0017] According to a preferred embodiment of the present in- 
vention, a chip having a plurality of multi-function pro- 
grammable sub-circuit cells including different sub- 
circuit blocks is disclosed. Each sub-circuit block is en- 
abled or disabled by using the layout of a connection lay- 
out layer (such as a metal layer), such that each sub- 
circuit cell can provide different I/O functions. Specifically, 
the present invention can select different I/O functions 
only by altering the layout of the connection layout layer. 
Accordingly, only the mask of forming the layout of the 
connection layout layer needs to be changed. Conse- 
quently, the time and cost of manufacturing and design- 
ing chips are effectively economized. 

[0018] These and other objectives of the present invention will no 
doubt become obvious to those of ordinary skill in the art 
after reading the following detailed description of the pre- 
ferred embodiment, which is illustrated in the multiple 

figures and drawings. 
Brief Description of Drawings 

[0019] pig.l and Fig. 2 are schematic diagrams of two conven- 
tional layout designs of a chip. 
[0020] pig. 3 is a schematic diagram illustrating how different I/O 



functions are realized with a sub-circuit cell according to 

a preferred embodiment of the present invention. 

[0021] pig. 4 is a schematic diagram of the sub-circuit cell shown 

in Fig. 3. 
Detailed Description 

[0022] please refer to Fig. 3, which is a schematic diagram illus- 
trating how different I/O functions are realized with sub- 
circuit cells according to a preferred embodiment of the 
present invention. In this preferred embodiment, a sub- 
circuit cell 38 including a plurality of sub-circuit blocks 
(as Bl to B6 shown in Fig. 3) is provided. With various 
transistors included in respective sub-circuit block, the 
sub-circuit cell 38 can selectively realizes different I/O 
functions. When the sub-circuit blocks are connected in 
different ways, or certain sub-circuit blocks are enabled 
or disabled, the sub-circuit cell 38 can implement differ- 
ent I/O functions. In other words, the present invention 
can implement different I/O functions with several sub- 
circuit cells by changing only the connection layout layer 
between different sub-circuit blocks and all the functions 
are provided according to how many sub-circuit cells with 
different function are embedded. Furthermore, if the con- 
nections between different sub-circuit blocks are carried 



out by a single connection layout layer (such as a metal 
layer), the I/O function of each sub-circuit cell can be 
modified by simply redesigning the connection layout 
layer (i.e. the layout of a single mask). Consequently, the 
cost is dramatically reduced. In addition, it is also easier 
and faster for users to revise the circuit. 
[0023] | n a preferable condition, the sub-circuit cell 38 can im- 
plement various I/O functions by enabling/disabling dif- 
ferent sub-circuit blocks, or connecting the sub-circuit 
blocks in different ways. In such a case, I/O circuits with a 
Schmidt trigger function, different powers, different driv- 
ing currents, or different slew rates can be accomplished. 
As shown in Fig. 3, when a connection layout 40A is 
adopted, each sub-circuit block of the sub-circuit cell 38 
are connected in a way so as to form a circuit 42A that 
can provide a specific I/O function. Similarly, when a con- 
nection layout 40B is adopted, the sub-circuit blocks are 
connected, enabled, or disabled in another way so as to 
form a circuit 42B. For example, some sub-circuit blocks 
may be connected to a DC bias voltage of the chip 30 
(such as V or V and therefore are enabled or dis- 
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abled). Likewise, another connection layout 40C can also 
be selected to form a circuit 42C having a different I/O 



function from those of the circuits 42A and 42B. 
[0024] Assuming that the layout designer needs three different 1/ 
O circuits, which respectively have different I/O functions, 
for being interface circuits of a kernel circuit 32, and 
these three different I/O functions can be therefore re- 
spectively provided by the circuit 42A, 42B, and 42C. In 
such a case, the layout designer can realize the I/O circuit 
34A by applying the layout design of the sub-circuit cell 
38 with the connection layout 40A. Similarly, the I/O cir- 
cuits 34B and 34C can be implemented by respectively 
applying the layout design of the circuit cell 38 with the 
connection layout 40B and with the connection layout 
40C. Of course, the transmission terminal 39 of each I/O 
circuit has to be connected to the kernel circuit 32 for 
communicating the interface circuits and the kernel circuit 
32 together. 

[0025] it can be seen that the spirit of the layout design accord- 
ing to the present invention is to design a plurality of 
sub-circuit cells accompanied by different connection lay- 
out designs (i.e. a database of connection layouts) so as to 
provide different I/O functions. When a certain I/O func- 
tion is required, the layout designer only has to select the 
specific layout of the connection layout layer so that the 



sub-circuit cell 38 can provide the required I/O function. 
In other words, the present invention can implement any 
different I/O function by only redesigning the layout of 
the mask used to define the connection layout layer. 
[0026] please refer to Fig. 4 together with Fig. 3. Fig. 4 is a 

schematic diagram of the sub-circuit cell 38 shown in 
Fig. 3. As described, the sub-circuit blocks of the sub- 
circuit cell 38 can be connected in different ways for im- 
plementing different I/O functions. As shown in Fig. 4, the 
sub-circuit cell 38 includes six sub-circuit blocks Bkl to 
Bk6, and each sub-circuit block has at least a transistor 
(such as an N-type MOS or a P-type MOS). Each transistor 
has a doped region with different areas. When these tran- 
sistors with different doped areas are connected together 
via the connection layout layer, a high driving current, a 
high power, or a high slew rate I/O function can be per- 
formed. On the contrary, a low driving current I/O func- 
tion can also be achieved by reducing the quantities of 
transistors connected together. In such a case, the sub- 
circuit blocks, which are not connected together, are 
short-circuited to DC bias voltages of the chip (such as V 
or V ) and are thus disabled. The short-circuited circuits 
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can additionally prevent the chip from being damaged by 



electrostatic discharge (ESD). 

[0027] | n addition, the sub-circuit cell 38 can further include 
specific sub-circuit blocks (such as Bk7 shown in Fig. 4) 
for providing specific I/O functions. For example, the sub- 
circuit block Bk7 has a particular transistor arrangement 
for supporting a Schmidt trigger function. In other words, 
if the sub-circuit block Bk7 is connected and enabled via 
the connection layout, the sub-circuit cell 38 can there- 
fore support a Schmidt trigger I/O function. 

[0028] Currently, a single sub-circuit cell capable of supporting 
hundreds of I/O functions has been designed according to 
the present invention. By altering the layout of the con- 
nection layout layer, the sub-circuit cell can provide vari- 
ous driving currents (such as 16mA, 8mA, 4mA, 2mA, 
etc.), different slew rates (such as 0.1ns, 0.4ns, 0.8ns, 
etc.), a Schmidt function, pull-up/down driving functions, 
or an open drain function. In the preferred embodiment, 
the second metal layer (metal two layer) of the chip is se- 
lected as the connection layout layer so that the required 
I/O function can be decided by programming the connec- 
tion layout of the second metal layer. It is to be noted that 
a plurality of circuits having different I/O functions are 
contained in a chip, other metal layers may also be se- 



lected to form a multiple connection layout layer where 
necessary. In addition, all the functions are available in a 
chip and the only change is the connection layout layer. It 
is easier for both users to revise the chip and vendors to 
maintain the database. 

[0029] | n comparison with the prior art, the present invention is 
able to implement various I/O functions with the layout of 
a single circuit by programming the layout of a connection 
layout layer. Consequently, the modification of masks can 
be reduced to a minimum. In addition, since no control 
terminals are required, the layout design of the sub- 
circuit cell is more flexible. 

[0030] Those skilled in the art will readily observe that numerous 
modifications and alterations of the device may be made 
while retaining the teachings of the invention. Accord- 
ingly, the above disclosure should be construed as limited 
only by the metes and bound of the appended claims. 



